The pion and kaon electromagnetic form factors are investigated by using the superconvergent dispersion relation (SCDR) which is incorporated to synthesize the low energy hadronic phenomena and the quark dynamics of QCD. Experimental data are analyzed. The data are explained by SCDR very well. § 1. Introduction
We have investigated the electromagnetic form factors of nucleon with recourse to the superconvergent dispersion relation (SCDR) which is incorporated to synthesize the low energy hadron physics and the quark dynamics of QCD. It was shown that the experimental data of nucleon electromagnetic form factors are explained quite well,!) although SCDR leads to stringent constraints on the low energy parameters. SCDR may effectively be applied in analyzing experiments in the case that only the low energy data are available, because quantities in the high energy region are predicted by QCD and SCDR works as an interpolation of the low and high energy regions to supply deficiency in the experimental data.
It is the purpose of this paper to apply SCDR in analyzing the data for the pion 2 ). 3) and kaon 4 ) form factors, which have become accurate for the low squared momentum transfer. It is clearly seen for the pion form factor that it decreases more rapidly than the prediction of the vector dominance model (VDM) with a single pole of the p meson keeping the mass at the experimental value. We examine the data by changing the number of vector boson poles and compare the parameters with that obtained from decay properties of vector bosons via VDM.
In § 2 we summarize the formulae which are used in the present analysis. As in our previous papers l ) we assume VDM in the low energy region and take the absorptive part of form factor so as to reproduce the result of the perturbative QCD. 5 ) Numerical results are given in § 3. The final section is devoted to discussion. § 2. SCDR for the boson form factor
We assume the unsubtracted dispersion relation with respect to t, the squared momentum transfer. Cutting off the dispersion integral at A, we approximate the low t region via VDM. The boson: electromagnetic form factor F(t) at the space-like region of t(t >0) is expressed as
where mj and aj are the vector boson mass and a constant respectively. According to the perturbative QCD,S) F(t) approaches
Here fB is the decay constant of the boson B, and as(t) is the running coupling constant in QCD
where AQCD is the QCD cutoff and /1=11-2nf/3 with nf being the number of flavors. As (2·2) implies the condition tF(t)~O(t-Hx), the dispersion relation for F(t) should be superconvergent. We get the following constraints on the parameters by taking account of the normalization at t=O:
The same parametrization is adopted here for the absorptive part ImF as in Ref. 1) to realize the result of the perturbative QCD, that is,
Here c is a constant and y=l in the case of the boson form factor. The form factor then satisfies the asymptotic form of QCD
Comparing (2·2) and (2·6), we have
In the case of a single pole approximation the parameters a1 and c are determined via (2·3) and (2·4) as
and the form factor is given by the formula
The boson decay constant is determined via (2·7) and (2·9) as
For the small mass we may approximate as
We note that the formula is valid for the mass m;S 1 Ge V if one takes the cutoffs as A~2 GeV and A QCD=O.1 ~Oo4 GeV. For the arbitrary number of poles the residues al and a2 are expressed in terms of the remaining ones. We have
m2 -ml and the form factor is given as
The expressions for the form factor given by (2 ·11) and (2 ·14) are compared with the experimental data for the pion and kaon. § 3. Numerical results
We first discuss the pion form factor. . In the case of a single pole approximation the parameters are the vector boson mass and cutoffs A and AQCD. We illustrate in Fig. 1 the result for A=1.8 GeV and AQCD=Oo4 GeV. We shall take the value of cutoffs hereafter if nothing is mentioned specially. We take nf=6 in the present calculation. Taking the vector boson mass as that of the p meson, we have /".=0.14 GeV and a =0.617 GeV 2 . The pion decay constant becomes larger than the experimental value, /".=0.09311 GeV/O) and the fit with the data of pion form factor is fair. x 2 =99 for 45 data points, this is %2=204, %2 being reduced x 2 hereafter. If one takes the experimental value for /". in (2·12), one obtains m=0.51 GeV with x 2 =166 (%2=4.0). The best fit is obtained for the vector boson mass m=0.73 GeV. We then have /".=0.1357 GeV and a=0.522 GeV 2 with x 2 =52(%2=1.3). Although we may realize the data for the form factor given in Fig. 1 , the vector boson mass becomes smaller and the pion decay constant becomes larger than the experimental results.
For the two pole approximation /". is sensitive to the heavy vector boson mass m2. We fix ml at the p meson mass. For m2=1.45 GeV we get /".=0.1139 GeV, al=0.6940
GeV 2 and a2= -0.30463 GeV 2 with x 2 =54.1. By taking m2=1.7 GeV the experimental pion decay constant may be realized. We have /".=0.09846 GeV, al=0.6851 GeV 2 , a2
= -0.3943 GeV 2 and x 2 =5404(%2=1.4).
Let us now discuss the three pole approximation. As the data are limited in the low t region, the parameter c appearing in (2'5), is not accurately determined in this case. We fix it, therefore, through (2· 7) by taking the experimental value for /;r. We show in. Fig. 1 the numerical result for ml=O.77 GeV, m2=1.45 GeV and m3=1.7 GeV. The residues are determined as al=0.6836 GeV 2 , a2=0.0823 GeV 2 and a3 = -0.5059 GeV 2 with x 2 =54.5(.f2=1.4). We find that the result almost coincides with two pole approximation with m2=1.7 GeV because a2, the residue at the pole corresponding to the mass 1.45 GeV, becomes much smaller than al and a3. We leave out in Fig. 1 the following cases because the curves nearly overlap with the three pole approximation in the region t:S0.25 GeV 2 . The single pole case with m=0.73 GeV and the two pole approximations. We now investigate the kaon form factor. For the single pole case we meet a situation similar to that in the pion form factor. iTaking the experimental decay constant for the kaon, /K=0.1140 GeV, we get m=0.62 GeV for the vector boson mass via (2·12). The mass is much smaller than that of the Q) meson and the fit with the data of form factor is poor; x 2 =783. The best fit is obtained for the mass m=0.85 GeV. The decay constant and the residue are then determined as /K=0.159 GeV and a=0.7586 GeV 2 respectively with x2=12.2 for the 15 data points(.f2=1.1). We may realize the experimental data but the decay constant becomes too large. In Fig. 2 the result for m·=0.85 GeV is illustrated.
For the two pole approximation we examine the following two cases: (a) ml = mw =0.782 GeV, m2=m9'=1.0194 GeV and (b) ml=m9', m2=1.685 GeV. For case (a) we obtain al =0.3606 GeV In the three pole approximation we take the experimental values for the kaon 
E~ 1·0~~~+++-~----~--------------------

0·1 0·15 0·2
t(GeV/c)2
Fig. 2. The kaom form factor. [FK(t)(l + t/m/»)2 is plotted. The solid curve denotes the three pole
approximation. The single pole approximation with ,m=O.85 GeV is shown by the dashed curve.
The two pole approximation of case (a) is given by the dash-dotted curve. The data are taken from Amendolia et a1. 4 ) decay constant and the vector boson masses, ml=0.782 GeV, m2=1.0194 GeV and m3 =1.685 GeV. As is shown in Fig. 2 Figs. 3 and 4 for the pion and the kaon form factors respectively. In Fig.3 ments and less reliable as compared with that of Refs. 2) and 3), but they cover the large t region. Although the parameters are determined by using only the low t data, our theoretical calculation agrees with the experimental data in the high t region as well. This implies that SCDR is valid and that we may explain consistently the low energy data and the asymptotic behavior of perturbative QCD. For the pion form factor we find that the two and three pole approximations nearly coincide up to t as large as 40 GeV
•
In Fig. 4 we also depict the result of case (b) of the kaon form factor for comparison, although the result is unphysical due to the imaginary decay constant. § 4. Discussion By using SCDR we may construct the form factor which gives VDM in the low t region and the result of the perturbative QCD asymptotically. The theoretical form factor then reproduces the experimental,data of the pion and kaon form factors very well. At least two poles are requested in the low t hadronic region to 'realize both the experimental form factor and the boson decay constant. In the case cif the pion form factor the two pole approximation with the masses 0.77 GeV and 1.7 GeV leads to a result similar to the three pole approximation. It seems that there is a connection with the experiment in boson resonances; the iso-triplet vector boson around the mass 1.4 Ge V is still uncertain.
Let us now evaluate the effective coupling constants and the decay widths of vector bosons via VDM by using the residues determined in the previous section. Let gVMM be the coupling constant of the vector boson V with the pseudoscalar boson M, and Iv be that of the photon and vector boson V. The residue at the pole t= -Mi, av, is given as av=MigvMM/lv with Mv being the vector boson mass. The coupling constant may be expressed in terms of Iv which is related to the partial decay width r(V~ee) via the formula li/4l(=a2Mv/(3r(V~ee». Here a is the fine structure constant. We summarize these parameters in Table I for the 1,2 and 3 pole approximations. For the pion form factor we take m=O.77 GeV in the single pole approximation and in the two pole approximation ml =0.77 GeV and m2=1.7 GeV in calculating the p-meson coupling constant and the width. For the kaon form factor we give the results for m=0.782 GeV and 1.0194 GeV in calculating gwKK and g¢KK respectively in the single pole approximation. The coupling constant gpm( does not change so much with the number of poles, especially for two and three pole cases we have gP7r7r =5.8; the value agrees with that obtained by Durso,gpmr=5.9.11) On the other hand the kaon and vector boson coupling constants are sensitive to the number of poles. The decay width for the process V ~ MM may be calculated by using the formula Performing the chi square analysis by taking the residue in the region a2~OA GeV
,
we get x2~14. Therefore, we cannot eliminate the above possibility of a2 =0.368 GeV
•
More accurate data in the kaon form factor are necessary to draw conclusion on the number of poles and the decay width of the ¢ meson.
We have performed the calculation by taking the QeD cutoff as AQCD=OA GeV. In the single pole approximation the smaller A QCD leads to the larger boson decay constant as may be seen from (2 ·12a), but the result for the form factor itself does not change appreciably even if the cutoff is changed in the region A Q cD=0.12-0A GeV. In the case of two or three pole approximation the cutoff has effect mainly on the residues when decay constants are fixed. The experimental data for the form factors are well reproduced also by taking small A QCD. In order to see the stability of solutions for A QCD, we summarize the residues obtained via three pole approximation with AQ cD=0.13 GeV. For the pion form factor we have al=0.6755 GeV Here the same values of mass as given in the previous section are used. We find that for the kaon form factor the residue at the ¢ meson pole, a2, becomes a little larger by taking AQCD smaller. The ¢ meson decay width then increases a little, but the situation on the width discussed above is not altered by changing the QeD cutoff.
